identification and treatment of modifiable causes of dementia, timely initiation of pharmaceutical therapy that may alleviate symptoms, opportunity to educate both patient and family about the disease, and planning for future changes. 5 Therefore, early diagnosis of dementia has significant implications for both patients and their families.
Saskatchewan is a western Canadian province with a population of approximately one million. it is home to a large rural and aging population: 35% of the population were rural dwellers in 2006, a figure above the national average of 20%. 6 Approximately 15% were over age 65 in 2010 and this number is expected to increase to nearly 25% by 2036. 7 This growing population of older rural dwellers has proven to be disproportionately vulnerable to gaps and barriers in the delivery of dementia care compared to their urban counterparts. 8 A 2006 study reported that the provision of health and social care services to people with dementia and their caregivers living in rural and remote settings was neglected globally. 9 With a desire to increase accessibility and availability of dementia care for patients living in rural and remote areas of Saskatchewan, health care professionals and researchers in Saskatoon established the Rural and Remote Memory Clinic (RRMC) in 2004. 10 The use of telehealth -electronic communications providing health care services when health professionals and patients are separated by distance -allows for follow-up appointments without inconveniencing patients and caregivers with the time and expenses of travel. The clinic goals are to provide an interdisciplinary assessment of dementia, reduce repeated patient travel, and shorten time to diagnosis. The clinic has proven to be a successful model in providing efficient, streamlined, and integrated patient care, and patient satisfaction, comfort, and convenience with the clinic and its use of telehealth videoconference technology has been well rated. 11 Most studies of Alzheimer's disease concentrate on mild to moderate stages. However, due to the very nature of the disease, the great majority of cases evolve towards a stage of marked severity, which can last many years. 12 Furthermore, with much research focus on risk factors for the development of the disease, few have examined how these variables contribute to disease severity at initial presentation to a specialized memory clinic. The current study investigated patient factors contributing to the presence of more advanced cognitive impairment at initial clinic presentation in rural patients presenting to a memory clinic in Saskatoon, SK.
METHODS

Data Collection and Ethical Consideration
Data collection began in March 2004 at the Rural and Remote Memory Clinic (RRMC) in Saskatoon, SK, where noninstitutionalized patients were referred by their family physicians. Referrals were made at the discretion of the family physician. Ethical approval was granted by the University of Saskatchewan behavioural Research Ethics board, and all patients and their families gave informed consent prior to participation. As the RRMC is directed toward patients with early stage memory loss, we assume the majority of patients are competent to provide consent, although this assumption cannot be confirmed until after the complete assessment has been conducted. For this reason, a family member was asked to witness the consent protocol for all patients. Patients were aware that family members co-signed the consent forms. Assessment began with a pre-clinic telehealth interview, followed several weeks later by a one-day in-person visit involving assessment by a neurologist, neuropsychology team, neuroradiologist, and physical therapist. Patient and family members were jointly interviewed by members of the clinic team. A standardized neuropsychological battery was administered and family members completed measures of caregiver burden, distress, and health as well as functional and behavioural ratings of the patient. All patients underwent a computed tomogram (CT) brain scan unless they had recently undergone neuroimaging. After assessment, patients and family members met with the neurologist and neuropsychology team who provided information about probable diagnosis, feedback based on the day's assessment, and recommendations for management and care. All diagnoses were made using consensus guidelines. [13] [14] [15] [16] Patients were then seen in follow-up at 6 weeks, 12 weeks, 6 months, 12 months, and annually thereafter or more often if clinically indicated.
Participants
between 2004 and 2011, 250 non-institutionalized individuals were referred to the RRMC and attended their clinicday appointment. These patients comprise the clinic's database. of the 250 patients, 44 (17.6%) were diagnosed as "normal" by the RRMC team and were excluded from the study. Eight participants (3.2%) were excluded because an alternate cognitive assessment tool was used to accommodate language preference, participation was refused, the patient quit the study, or they were unable to complete the 3MS. in total, 198 patients remained eligible to participate in the study.
Measures
The patient and caregiver questionnaires and assessments administered at the clinic day appointment provided the sociodemographic, clinical and functional independent variables. Socio-demographic variables included: age, sex, marital status, years of formal education, ancestry, number of people living with the patient, number of comorbidities, time on clinic wait list, duration of symptoms, family history of dementia, and a measure of 'ruralness': the Metropolitan influence Zone (MiZ) classification. 17 Marital status was categorized into two groups: (1) married or common-law and (2) single, divorced, separated or widowed. Formal education was the summed total of elementary school, high school, and university/college/technical school years completed. Ancestry was categorized into three groups which included both Canadian born and immigrant patients: (1) First Nations, North American indian, and Métis, (2) European, and (3) other, which included those of Asian or African ancestry. Patients or family were asked how many people lived with the patient, and this variable was categorized into three groups: (1) alone, (2) one other person only, and (3) two or more persons. Those included a spouse, partner, family, friend, boarder, and neighbours or staff at a senior's complex. Patients or family were asked to identify their comorbidities from a list of 22 conditions. Number of comorbidities was categorized into the following four groups: (1) no or one comorbidity, (2) two comorbidities, (3) three comorbidities and (4) four or more comorbidities. Time on clinic wait list was measured as the number of days from the referral date to the date seen in clinic. Duration of symptoms was reported by the caregiver who was asked for how long the patient's memory problems had been a real concern. This variable was measured in years. The metropolitan influence zone (MiZ) classification, developed by researchers at Statistics Canada, classifies communities that lie outside census metropolitan areas (CMAs) and census agglomerations (CAs) according to the degree of influence that CMA/CAs have on the community. The MiZ recognizes inherent social, economic and geographic characteristics of different communities and is used by the RRMC as a measure of 'ruralness.' The patient's hometown was categorized into the following groups: (1) CMA/CA, (2) strong MiZ, (3) moderate MiZ, (4) weak MiZ, and (5) no MiZ.
Caregiver-rated functional status of the patient was assessed by two scales: the Functional Assessment Questionnaire (FAQ) 18 and the Neuropsychiatric inventory Scale (NPi). 19 The FAQ is a ten item screening tool for assessing independence in daily activities and universal skills among older adults. Each item is scored on a scale from 0 (independence) to 3 (dependence). The NPi-S consists of 12 items scored on a scale from 1 (mild) to 3 (severe). These scores are summed to give a severity score ranging from 1 to 36, where higher scores indicate more severe psychiatric symptoms. Self-rated caregiver burden was assessed through a short version of the Zarit burden interview (Zbi), 20, 21 which includes 12 items scored from 0 (never) to 4 (almost always). Summed scores range from 0 to 48 where higher scores indicate higher caregiver burden. The brief Symptom inventory (bSi) 22 was used to assess caregiver psychological distress and symptoms. The bSi is a 53-item psychological self-reported symptom inventory that requires the caregiver to rate the degree to which potential problem areas have distressed them over the past seven days. Each item can be scored from 0 (not distressed at all) to 4 (extremely distressed). Scores are calculated by summing all responses and dividing by the number of questions answered. This fraction is located in the bSi manual to determine the caregiver's Global Severity index (GSi) score. Global Severity index scores range from 33 to 80 for females and from 35 to 80 for males, where higher scores indicate higher levels of caregiver distress.
Outcome: Cognitive Impairment
The dependent variable in this study was level of patient cognitive impairment at clinic day presentation. Data regarding the cognitive status of the patients was collected using the Modified Mini-Mental State Examination (3MS). 23 The 3MS cognitive screen was derived from the Mini-Mental State Examination, 24 but includes four additional items (date and place of birth, animal naming, similarities, and a second recall task), is scored up to 100 points to provide finer discrimination, and samples a broader range of cognitive capacity and difficulty levels. it has been shown to be a more sensitive measure of cognitive impairment than the MMSE. 25 Lower 3MS scores indicate more severe cognitive impairment.
Statistical Analysis
Data underwent statistical analysis using SPSS version 18 software. Descriptive analysis was performed on all variables to characterize the sample. Measures of covariance of the independent variables were completed. if two or more variables were highly correlated (variance inflation factor greater than approximately two) the more relevant measure referenced in the literature was included in the regression. A bivariate linear regression analysis was carried out to examine the association between each potential independent variable with the outcome variable 3MS scores.
A multiple regression analysis was performed using a manual backward selection process to determine the influence of the variables on the severity of cognitive impairment as measured by the 3MS. An initial multivariate regression model was constructed including all the variables that presented p<0.2 in the bivariate linear regression. This model underwent adjustment by excluding one variable at a time using non-significance as the criterion until the final model was obtained. A p-value less than 0.05 was considered statistically significant. We constructed 95% confidence intervals for each variable in the regression model. The coefficient of multiple determination, R2, explains the proportionate reduction of total variation of outcome associated with the set of independent variables used and was reported for the final multiple regression model.
RESULTS
Study population
our sample was comprised of 198 patients (Table 1 : patient characteristics), with the most common diagnosis being Alzheimer's disease (51.0%), followed by mild cognitive impairment (16.7%) ( Table 2: neurologist's diagnosis). The mean patient age at the clinic day appointment was 73.9 years (SD=9.2 years). The majority were female (62.1%), over half were married or common-law (65.7%) and most were of European ancestry (75.8). Average 3MS score was 71.9 (SD=18.7, range=0-99).
Bivariate and multivariate analyses
variables underwent analysis in the bivariate linear regression analysis with 3MS score as the dependent variable (Table 3) . Age, years of formal education, family history of dementia, Asian or African ancestry, number of comorbidities, symptom duration, moderate MiZ, NPi score, FAQ score, and bSi score were selected after bivariate regression analysis and included in the multiple regression analysis (all p<0.2). Patient age (p<0.1), years of formal education, FAQ score and caregiver bSi score remained significant (p<0.05) in the final multivariate regression model (Table 4a/ our regression models. by including gender in the framework, we made certain any effects of this variable would be captured in the model. An age and gender interaction term was created. The regression analysis was repeated to include this variable, which proved significant (p<0.05). Four variables emerged as significant predictors of more severe cognitive decline at clinic day, including higher FAQ score (indicating greater patient dependency in daily activities and universal skills). A higher level of formal education and higher bSi score, which suggests higher levels of caregiver psychological distress, predicted less severe cognitive impairment at initial clinic presentation. There was a significant interaction between age and gender, where the relationship between gender and level of cognitive impairment depended on age: in younger patients, females were more cognitively impaired, while in older patients males were more impaired at clinic day (Table 4b ). The identity of the primary caregiver (husband, wife, son, daughter, other) and whether this relationship had an effect on the age and gender interaction was also examined. The majority of primary caregivers were female (60%). We found that the caregiver gender and relationship to the patient had no significant effect on 3MS score at clinic presentation (p=0.308). The analysis was repeated to assess whether the gender of the patient and the gender of their caregiver affected 3MS score; again, there was no significant association (p=0.161). When we repeated the analysis to assess the effect of caregiver gender in older patients (age >80), there was no significant interaction (p=0.304).
DISCUSSION
The study objective was to identify socio-demographic, clinical and functional predictors of more severe cognitive impairment at clinic presentation in a rural population. We found patient age, fewer years of formal education, poorer functional ability, and less caregiver psychological distress, and an age and gender interaction were statistically significant predictors.
There are numerous strengths in the present paper. our sample includes non-institutionalized patients with heterogeneous ancestral backgrounds, allowing our findings to be generalized to a larger population. We included an extensive list of independent variables in our model, including both patient and caregiver variables. Although the 3MS is not as widely used as the MMSE, the additional questions and expanded scores increase the accuracy in measuring cognitive impairment.
Education has been thought to play a significant, complex role in the risk and progression of Alzheimer's disease and related dementias. While there is evidence that a higher level of education decreases the risk of developing dementia, [26] [27] [28] faster rates of cognitive decline have been described in more highly educated Alzheimer's patients. [29] [30] [31] A 2009 systematic review of the effect of education on Alzheimer's disease survival did not show any association between education and post-diagnosis survival. 32 Additionally, the Chicago Health and Aging Project, a study that included over 6000 participants, did not find that education affected rates of cognitive decline. 33 We found that education level was positively associated with 3MS score, where those with more years of formal education performed better at the clinic day appointment. Similarly, lower education level has previously been associated with greater disease severity at presentation, suggesting later detection and referral of these patients. 34 it is difficult to tease out the exact effect of education on cognitive performance as it is closely linked to both socioeconomic status and gender. 28 it was hypothesized that those with a family history of dementia may present to the memory clinic earlier in their disease process, as family members would be more informed about the disease and more alert to early symptoms. A study exploring diagnosis of dementia in a rural setting showed that time from symptom onset to diagnosis was largely dependent on family recognition of the disease. 5 While a positive family history was associated with better 3MS score in the univariate regression analysis, it became insignificant in the multiple regression analysis. better patient cognitive function at clinic presentation was associated with high levels of caregiver psychological distress. one explanation for this somewhat paradoxical finding is that, because higher levels of cognitive functioning suggest that the patient is earlier in the disease process, perhaps patients and their Further research into caregiver health in rural populations is needed. our finding that poor functional ability predicted more severe cognitive decline at clinic presentation is both expected and consistent with other results in the literature. Those with compromised performance with independent (complex) activities of daily living and other basic activities of daily living (dressing, grooming, bathing) have a greater chance of exhibiting more severe degrees of dementia, 35, 36 indicating more evolved disease progression.
We found that in our younger patients, females exhibited more cognitive impairment at clinic day, while in older patients, males were more cognitively impaired. This finding is congruent with previous research showing that women have an increased likelihood of being diagnosed with dementia at a later stage relative to men, 37 and are more likely to have had a longer duration of symptoms before presentation. 38 This apparent delay in referral experienced by younger females may be related to traditional gender roles common in this cohort of older rural patients. Younger men may still be employed in the community workforce where changes in cognitive functioning would be noticed by others. in contrast, cognitive decline in younger women who fulfill the traditional homemaker role may be less evident. in addition, aggression in Alzheimer's disease has been related to male gender. 39 our younger male patients may be referred earlier because their aggressive symptoms are promptly recognized by caregivers.
The finding that older males tended to present to the memory clinic with more severe cognitive impairment compared to older females may again be due in part to traditional gender roles common in rural farming communities. Females (wives, daughters) may adapt to the role of primary caregiver with more affinity compared to men, as this role is more consistent with the traditional female gender role. in a previous study conducted by the Rural and Remote Memory Clinic team, women reported more caregiver burden, more severe distress, and lower mental health. 40 This may be evidence of women acting as primary caregiver and adapting to this job for a longer period of time, resulting in their husbands or fathers being referred on to the memory clinic later along in their disease course. in addition, it is known the females have a greater life expectancy than males. 41 in our older patient population, we may see that better cognitive functioning in older females is a reflection of increased longevity, and with more years of life available in the future, older female patients are at an earlier stage in the natural disease progression than their male counterparts.
Timely detection, diagnosis, and treatment of dementia ultimately involves many complex factors. The multiple regression analysis coefficient of determination, or R2 value, (0.279) likely reflects the dynamic relationship between rural patients, their primary care providers, and health care system constraints that contribute to timing of presentation at a memory clinic. The Alzheimer Society of Canada's 2010 recommendations for a national dementia strategy include both increasing awareness of the importance of prevention and early intervention, and recognizing the critical role played by informal caregivers. 1 This study addresses and furthers our understanding of these topics and indentifies areas for future research.
